Recently it was proposed that Centurio senex specializes on hard fruit because of its strong bite compared to other similar-sized frugivorous bats; however, this hypothesis has not been tested. We tested the hardness of 5 fruit species eaten by bats, including Sideroxylon capiri (Sapotaceae), here reported for the 1st time as part of the diet of C. senex. Results show that S. capiri is the hardest fruit of the species evaluated. This is the 1st evidence of C. senex eating hard fruit in the wild, which supports the theory of a skull adapted to eating hard fruit.
similar size (e.g., Carollia perspicillata with a bite strength of 5.6 newtons [N] 6 1.69 SE-Freeman and Lemen 2010), C. senex possesses a stronger bite (10.9 6 0.85 N- Dumont et al. 2009 ). This specialization, however, has not been tested. We report for the 1st time that Sideroxylon capiri (Sapotaceae) forms part of the diet of C. senex, and provide evidence that supports the hypothesis that C. senex eats harder fruit than do other frugivorous bat species.
MATERIALS AND METHODS
From June 2009 to March 2010 we carried out a study of the bat assemblage composition (research permit FLO.FAU-026) in patches of semideciduous seasonal forest (sensu Miranda and Hernández-X. 1963 ) and agroecosystems in the municipality of Tlaltetela, Veracruz, Mexico (19817 0 52.083 00 N, 96842 0 27.313 00 W-Madrid-López 2010). The elevation of the study area is 523 m above sea level and the climate in the area is type Aw 00 (W)(i)g (García 1981 ), which is a warm subhumid climate with summer rains and a dry season from November to March (Servicio Meteorológico Nacional 2000) . With a sampling effort of 28,080 m 2 Áh (Straube and Bianconi 2002), we captured 907 bats, 9 of which were C. senex (7 females and 2 males). Seven of these were caught in semideciduous seasonal forests and 2 were in mango (Mangifera indica) and w w w . m a m m a l o g y . o r g sapodilla (Manilkara zapota) agroecosystems. We documented every aspect of the biology of the bats captured, including those fruits that were carried by the bats into the nets. Following capture all bats were released at their capture site. We handled all animals in accordance with guidelines approved by the American Society of Mammalogists (Sikes et al. 2011) .
To compare the hardness of S. capiri relative to that of the fruit eaten by other frugivorous bat species, we simultaneously collected the ripe fruit from species of plants reported to be part of the diet of frugivorous bats (Geiselman et al. 2002) . The species were identified by comparing specimens with those in the XAL herbarium at the Instituto de Ecología, A. C. Fruit hardness was defined as the force necessary to pierce the epicarp of the fruit with a blunt point 1 mm in diameter. We designed a penetrometer (Fig. 1) to record the mass in grams necessary for the point to puncture the fruit's epicarp. The value obtained in grams was converted to newtons (N) using the formula: F ¼ m 3 a, where F is the force in newtons, m is mass in kilograms, and a is acceleration in meters per seconds squared (m/s 2 ); we used the value of acceleration due to gravity (9.806 m/s 2 ). To determine differences in hardness, the fruits were weighed, measured (width and length), and tested with the penetrometer. Three trials were run for each individual fruit and the mean of these was used as the representative value for each fruit. Ten fruits were used for each of the 5 plant species. A 1-way analysis of variance and Tukey's test were used to detect any differences in fruit hardness among species (Zar 1999) . All analyses were performed in R-system software (R Development Core Team 2007).
RESULTS
On 22 January 2010 we captured several species of bats, including Artibeus lituratus, Artibeus phaeotis, and Desmodus rotundus, and a lactating female C. senex that was carrying a fruit of S. capiri in her mouth. This is the 1st t report of a fruit of Sapotaceae being eaten by C. senex. The fruits of S. capiri are fleshy, ovoid berries with a smooth, hard epicarp that ends in a fine point. These berries are 30-50 mm long and weigh, on average, 17.5 g (Table 1 ). When ripe, the fruit turns yellow and then red; each fruit has a single ovoid seed, 17.5-24 mm long, that is brown, with a hard, smooth, shiny seed coat.
We collected the fruits of 4 plant species (Table 1) reported to have been eaten by bats, along with the fruit of S. capiri, for which there were no previous records of it as part of the diet of bats. Fruit hardness differed among species (F 4,44 ¼ 59.88, P , 0.01), with S. capiri the hardest of the 5. There were 3 degrees of hardness: Spondias purpurea and Brosimum alicastrum had the softest fruit (Fig. 2) , whereas fruits of S. capiri were the hardest.
DISCUSSION
The fruits of S. capiri have a soft juicy mesocarp, but the epicarp is hard. Inclusion of S. capiri in the diet of C. senex TABLE 1.-Epicarp hardness of fruit eaten by bats. Sample size (n) and mean and standard deviation of the measurements taken from 10 fruits of each species are given. Hardness is expressed in newtons (N). With the exception of Sideroxylon capiri, the species were confirmed as having been eaten by bats based on the criteria of Geiselman et al. (2002) . Sp pu, Spondias purpurea; Br al, Brosimum alicastrum; Ph sp, Physalis sp.; So um, Solanum umbellatum; Si ca, Sideroxylon capiri. Dumont et al. (2009) suggested that the diet of this species could include hard fruits that would separate the diet of this species from that of other frugivores. Our results also support the proposal by Freeman (1988) , who stated that the shape of the cranium of C. senex suggests that this species may reflect a durophagous mode of feeding. It is quite probable that the powerful mandibles of this bat, together with the long cutting edges of its molars, are able to penetrate the epicarp of hard fruits such as those of S. capiri. The bat can then squeeze out the pulp, extract the sugar-rich juice, and spit out the indigestible fiber; however, this strategy requires verification (Morrison 1980; Freeman 1988; Dumont et al. 2009 ). This ability would give C. senex access to resources that are in less demand and a certain advantage when food is scarce. Other bat species deal with this by switching from frugivory to insectivory, or from nectarivory to insectivory (Gardner 1977) , or by migrating to different feeding sites.
Moreover, the observation of C. senex transporting a fruit of S. capiri indicates that, like other phyllostomids, this species is capable of transporting the fruit it eats to nocturnal feeding refugia that are generally at some distance (20-250 m) from the tree where the fruit was picked up (Galindo-González 1998) . This implies that C. senex is likely to be a disperser of seeds of S. capiri. The mean mass of fruit of S. capiri (17.5 g; Table 1 ) is equivalent to at least 60% of the body mass of an adult C. senex (17-28 g-Nowak 1994) , and is indicative of this species' capacity to carry heavy loads relative to its size. This finding refutes the idea that C. senex is a bat that only eats very ripe, extremely soft or even rotting fruit (Bonaccorso 1979) , or that it must eat this fruit directly from the ground or from the plant because of its inability to transport the fruits (Paradiso 1967; Freeman 1988) .
It is important to highlight the fact that there is only 1 report of fruit of S. capiri being eaten by A. jamaicensis, when S. capiri was known by its synonym Mastichodendron capiri (Orozco-Segovia and Vázquez-Yañes 1982) . This is a potentially important point, because no other frugivore is known to do so. A. jamaicensis weighs 36-48 g (Ortega and Castro-Arellano 2001) , more than double the weight of C. senex. The strength of its bite also is greater than that of C. senex (24.96 6 8.53 N-Aguirre et al. 2002) , and thus is strong enough to pierce the epicarp of this fruit.
Our results demonstrate that C. senex is capable of eating fruits that are harder than the mean hardness of the fruit eaten by similar-sized phyllostomid frugivores. This supports the proposal that this species has a skull adapted to eating hard fruit, which confers an advantage on C. senex concerning niche separation from other frugivorous bats when food is scarce and eventually toward the specialization of eating fruits with hard epicarp, and also means that C. senex is a genuine disperser of seeds of S. capiri.
RESUMEN
Recientemente se planteó que Centurio senex se especializa en frutos duros, ya que posee una fuerte mordida comparada con otros murciélagos frugívoros de talla similar; aunque no se ha probado. Pusimos a prueba la dureza de 5 especies de frutos consumidos por murciélagos, incluyendo Sideroxylon capiri (Sapotaceae), que reportamos por primera vez en la dieta de C. senex. Los resultados muestran que S. capiri es la especie con semilla más dura de las estudiadas. Esta es la primera evidencia del consumo de un fruto duro por C. senex en la naturaleza, lo cual apoya la teoría de un cráneo adaptado para el consumo de frutos duros.
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